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Barley androgenesis represents an attractive system to study stress-induced cell 
differentiation and is a valuable tool for efficient plant breeding. The switch from the pollen 
developmental pathway towards the androgenic route involves several well-described 
morphological changes. However, little is known about the pathways leading to embryo 
formation and about the trasncriptome of androgenic microspores. By combining molecular, 
biochemical and cytological techniques, the research described in this thesis aimed to identify 
new ‘bio-markers’ for barley androgenesis induction and embryo development. The concept 
of a ‘bio-marker’ is not a single gene, protein, metabolite or phenotype. It refers to the 
concept of understanding biological events, such as gene expression profiles or 
morphological changes at certain biological states.
As shown by several experiments, microspore embryogenic development is divided 
into three main characteristic, overlapping phases: acquisition of embryogenic potential by 
stress, initiation of cell divisions and pattern formation. The main molecular and cellular 
events that characterize the different commitment phases of microspores into embryos are 
reviewed in chapter 1. This chapter presents an overview of the progress that the research 
on androgenesis induction has made in the recent years, emphasizing the phase of 
microspore embryogenic potential acquirement and initiation of cell divisions. In addition, this 
chapter draws a parallel between the molecular and cellular biology of androgenic 
development with that of the two most extensively studied model systems, somatic and 
zygotic embryogenesis.   
In chapter 2, the developmental pathways of stressed microspores are elucidated by 
time-lapse tracking. This chapter describes the identification of embryogenic microspores and 
of a position-determined cell death process in the transition from multicellular structures to 
globular embryos.  
In chapter 3, the cell death process that takes place during microspore embryo 
formation is characterized as programmed cell death. This study provides evidence for a role 
of the vegetative cell in the formation of globular embryos and for the programmed 
elimination of the generative derivatives during exine wall rupture.   
Chapter 4 is composed of three parts, each concerning different aspects of the 
expression and tissue-specificity of three isoforms of the 14-3-3 family of regulatory proteins 
(14-3-3A, 14-3-3B and 14-3-3C). In part I, the differences between the spatial and temporal 
expression of the individual isoforms during microspore-derived embryo development in 
parallel to zygotic embryogenesis are presented. In part II, the specific expression of the 14-
3-3C isoform is demonstrated to be restricted to the L2 layer of the shoot apical meristem in 
microspore-derived and zygotic embryos, as well as to L2 layer-derived cells of in vitro shoot
meristematic cultures. In part III, a link is established between the post-translational 
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modification of the 14-3-3A isoform and the programmed cell death of anther walls and non-
embryogenic microspores during androgenesis induction.
Finally, chapter 5 describes the use of an array approach in combination with 
multivariate data analysis in the identification of gene expression profiles associated with the 
induction of androgenesis. This chapter shows that pollen-related genes are down-regulated 
during the reprogramming of microspores, providing molecular evidence that stress acts in 
blocking pollen development. In addition, it reveals that genes involved in proteolysis, sugar 
and starch hydrolysis, stress responses, inhibition of programmed cell death and signaling 
are up-regulated during barley androgenesis induction. 
